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Abstract 
Fluoride under various forms is one of the most used substances in dentistry and prevention. It is a joined effort of many 
countries to incorporate fluoride in water, salt and many other consumer products but could it be too much? Modern day 
dentistry struggles to offer the possibility of tooth whitening to any nuance with no pain at all. Some products are 
presented as having a beneficial effect of re-mineralization with the augmentation of fluoride but what is the truth? This 
article uses Electrochemical Impedance Spectroscopy (EIS) in a unique way. We compare the effect of whitening 
carbimide peroxide gels with and without fluoride addition to assess the benefits toward dental health as opposed to over 
dosage and general health risk. The possibility to view the dental hard tissues as electrical circuit phases and observe 
modifications in detail is of great advantage in our further understanding of complex oral processes. 
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1. Introduction 
 Fluoride use in dentistry is an important addition to oral health in our century, in spite of many discussions 
about its merits and demerits [1,2]. Fluoride is one of the main ways of carious prevention in children and 
adults when the amount used is personalized for each case. The fluoridated toothpaste is generally used in 
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prevention, but supplementary additions of fluoride recommended in prevention programs may trigger dental
fluorosis.  A report about bleaching therapy can be found in literature [3] starting with the use of hypochloric 
acid to treat fluorosis [3].  This review mentioned that in 1937, Ames reported a technique using a mixture of 
hydrogen peroxide and ethyl ether on cotton, heated with a metal instrument for 30 minutes, and applied over 
5 to 25 visits to treat mottled enamel [3]. This and similar techniques using concentrated hydrogen peroxide
and heat have been accepted treatment since the 1930s [3]. In 1966, the combined use of hydrochloric acid 
and hydrogen peroxide was promoted to remove brown stain from mottled teeth. In 1970 Cohen and Parkins
published the first article regarding the whitening of tetracycline stained teeth [4]. This was the first
publication indicating that there is chemical penetration of hydrogen peroxide to the dentin to whiten teeth.
Whitening, as being an important part of aesthetics in oral health has been widely developed in our century [5]
and the present paper is an investigation about whitening with fluoride and non-fluoride compounds. As a 
technique of investigation our paper has proposed the electrochemical Ac-impedance that is safe, fast and 
non-invasive having an increased popularity in dental research in the last decade [6,7]. Several investigators
have used the technique to detect tooth cracks and caries [7]. The idea of the present study has extended the 
use of this technique in understanding the beneficial effect of fluoride in the whitening process with various
gels.
2. Materials and Methods
Fig.1 Nyquist fitting circuit describing tooth tissues. Rs solution resistance, Phase 3 enamel, Phase 2 dentin, Phase 1 Smear layer 
between dentin and platinum electrode
EIS is a very useful laboratory procedure broadly applied in our days especially in characterizing electrode
processes and complex interfaces. This paper focused on a novel approach in using this technique related to
the possibility of evaluation of oral health measuring EIS parameters of various teeth and proposing 
equivalent circuits fitting EIS data. Despite the fact that teeth are ceramic materials and insulators while dry,
if placed into a solution EIS measurements can be obtained. Using this technique we gain a model of the tooth 
hard tissues in the form of an electrical circuit that we can further use to understand modifications in structure. 
Our observations were done in order to compare the effect of whitening gels that do or do not contain fluoride
besides the active substance carbamide peroxide 15% on the dental hard tissues. In order to view layer 
modification in conjunction with tooth whitening we constructed working electrodes out of two extracted
teeth in the next manner. After extraction, two maxillary premolar teeth (2.4) were cleaned and disinfected in
0.5% Chloramine-T solution. The root was severed at the enamel-cement junction using a diamond bur with
copious water irrigation in order not to overheat the tooth tissues and prevent collagen damage. The coronal 
pulp chamber was slightly enlarged with a cylindrical diamond bur only to accommodate the electrode. A
very thin platinum wire was then inserted into the dental pulp chamber in full contact with dentin and fixed in 
position using dental composite resin Charsima® Heraeus Kultzer® without the use of demineralizing or 
bonding agents and with care as not to penetrate into the pulp chamber. The experimental setup was
comprised of an electrochemical cell filled with pure water, a reference Ag/AgCl electrode, platinum counter 
electrode and the tooth as working electrode. Electrochemical impedance spectroscopy (EIS) measurements
were conducted with Autolab PGSTAT 302N in a logarithmic distribution range between 100 kHz 10 mHz.
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EIS fitting was performed using NOVA 1.8 software. Circuits used for data fitting were comprised of three
phases. The third phase corresponds to enamel, the second to dentin and the first corresponds to smear layer 
between dentin and platinum electrode as shown in Fig.1.
Results and Discussion
2.1. Application of non-fluoride gels
The application of non-fluoride gels that contain 15% carbamide peroxide dental whitening solutions has
produced a permeabilization effect in the tooth structure, primarily in enamel. Although the action time
recommended by the manufacturer was 4-6 hours we reduced this time to 30 minutes because of the high
sensitivity of laboratory devices.
Fig.2 Left side, Nyquist diagram showing increase in tooth enamel and dentin permeabilization effect. Right side, Bode Plots showing 
decrease in tooth global electrical resistance
We performed two 30 min whitening steps and measured EIS values after each but not before removing the
excess gel from the tooth surface using copious irrigation with double distilled water. The results have shown
a modification in third phase of the circuit representing enamel in the sense of a decrease in electrical
resistance as shown in Fig.3.
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This corresponds clinically with a more permeable, demineralized enamel surface. The effect could hint to
some of the post whitening side effects such as pain or hypersensitivity. Enamel modification could also in 
part explain the rebound in tooth color after the end of treatment by ½ or even one shade. Because of the tooth 
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structure complexity and difficulty working with such a detailed model as the Nyquist diagram fitting circuit 
we propose a more simple approach using the graphic representation of the Bode diagrams. These types of 
diagrams practically show the modification of global resistance in direct connection to the variation of 
electrical current frequency as shown in Fig.2.  
In the case of non-fluoride gels we can observe a decrease in tooth impedance values with each whitening 
step. Put bluntly there is a decrease in resistance after each application of whitening gel hinting to a more 
permeable structure. Using the data we have already gained from the Nyquist fitting circuits the major 
modification corresponds to enamel layer modification thus it becomes clear that the major effect of 
whitening is mainly in this area. So, whitening tooth hypersensitivity could appear because of enamel 
permeabilization, becoming less protective and in conjunction with penetration of chemical solutions via the 
dentinal tubules.  
2.2. Application of Whitening Gels with Fluoride  
Fluoride enriched whitening gels are used in order to reduce the side effects of whitening such as post 
treatment hypersensitivity and tooth pain. The whitening gel used was a combination of carbamide peroxide 
15% with 0.11% fluoride ions. The time of action although recommended by the manufacturer at about 2 
hours was reduced to 30 minutes in our experiment due to high sensitivity of the devices used. The Nyquist 
fitting circuit presented three phases corresponding to the electrical effect in each tissue of the tooth. Most 
modifications in the circuits used for fitting after the whitening treatment were in third phase corresponding to 
enamel modifications. 
 
Fig 4. Left side showing Nyquist plots presenting increased diffusion effect of tooth tissues and right side showing Bode plots presenting 
increase in global tooth resistance 
The results showed an increase in tooth impedance values as viewed on the Bode plots presenting a 
diffusion effect primarily in enamel. By the penetration of fluoride ions in the hydroxyapatite structure with 
the natural formation of fluoride hydroxyapatite there is an increase in impedance values showing a denser 
more protective outer layer. Using the Nyquist fitting circuit we can observe subtle changes in the outer layer 
as seen in Fig.5. Also there is a modification in the second phase corresponding to dentin. This increase in 
resistance represents the concentration of the whitening substance in this tissue. The effect of whitening gels 
that contain fluoride is better visible on the Bode plots because the representation involves the global 
resistance of the tooth system as seen in Fig.4. After viewing the results and realizing the powerful effect of 
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fluoride we wanted to clinically test the efficiency of these types of gels as opposed to the classic non-fluoride 
types. We chose a vital central front incisor 2.1 with a genetic discoloration effect. This type of discoloration 
is quite difficult to remove by the gentle 15% carbamide peroxide gel and should prove its efficiency. The
15% carbamide peroxide gel with 0.11% fluoride ions performed very well showing a good effect after only
three whitening steps of approximately two hours each. The removal of the discoloration over a period of 5
days is uniform and in the same color tone as the adjacent teeth. The patient presented no pain or remaining
hypersensitivity after the sessions.
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3. Conclusions
Although there are many whitening systems on the market the carbimide peroxide gels are one of the most 
efficient solution available. Based on experimental EIS data we have established that this gel is more efficient 
in the presence of fluoride. Furthermore as a result of EIS testing we can reascertain the important effect of 
fluoride ions and their reinforcement of enamel into fluoride-hydroxyapatite an insoluble mineral even at low 
pH values. Electrochemical Impedance Spectroscopy has proven an efficient technique in monitoring 
whitening effect on tooth tissue. The modelling and simulating of dental hard tissues via the Nyquist circuits
offers a far better understanding of complex processes on bioactive oral surfaces. 
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